Introduction
============

Class III malocclusion with mandibular prognathism is a common finding, with prevalence varying by ethnic group. East Asians[@b1-tacg-3-001] show the higher prevalence followed by Africans[@b2-tacg-3-001] and Caucasians.[@b3-tacg-3-001] In Colombia a prevalence of 3% has been reported for this malocclusion.[@b4-tacg-3-001]

Familial studies of mandibular prognathism are suggestive of heredity in the etiology of this condition and several inheritance models have been proposed. The inheritance of phenotypic features in mandibular prognathism was first reported by Strohmayer[@b5-tacg-3-001] and then by Wolff et al[@b6-tacg-3-001] in their analysis of the pedigree of the Hapsburg family. Suzuki[@b7-tacg-3-001] studied offspring of parents with mandibular prognathism from 243 Japanese families, and reported a frequency of 31% of this condition if the father was affected, 18% if the mother was affected and 40% if both parents were affected. Nakasima et al[@b8-tacg-3-001] assessed the role of heredity in the development of Angle's Class II and Class III malocclusions and showed high correlation coefficient values between parents and their offspring in the Class II and Class III groups. However the role of cranial base, the midfacial complex and the mandible in the development of class III malocclusion has not been clarified yet.

Saunders et al[@b9-tacg-3-001] compared parents with offspring and siblings in 147 families and demonstrated a high level of significant correlations between first-degree relatives. Byard et al[@b10-tacg-3-001] analyzed family resemblance and found high transmissibility for components related to cranial size and facial height. Lobb[@b11-tacg-3-001] suggested that the shape of the mandible and cranial base are more variable than the maxilla or cranium. Nikolova[@b12-tacg-3-001] studied 251 Bulgarian families and showed a greater paternal influence for head height and nose height. Manfredi et al[@b13-tacg-3-001] found strong genetic control in vertical parameters and in mandibular structure in twins. In addition Johannsdottir[@b14-tacg-3-001] showed great heritability for the position of the lower jaw, the anterior and posterior face heights, and the cranial base dimensions.

Heritability of craniofacial morphology has also been investigated among siblings; from parents to twins or from parents to off-spring in longitudinal studies. Horowitz et al[@b15-tacg-3-001] demonstrated a significant hereditary component for the anterior cranial base, mandibular body length, lower facial height and total face height. Fernex et al[@b16-tacg-3-001] found that the sizes of the skeletal facial structures were transmitted with more frequency from mothers to sons than from mothers to daughters. Hunter et al[@b17-tacg-3-001] reported a strong genetic correlation between fathers and children, especially in mandibular dimensions. Watnick[@b18-tacg-3-001] concluded that the lingual symphysis, the lateral surface of the mandible ramus and the front bend of the jaw have a genetic control. Nakata et al[@b19-tacg-3-001] demonstrated high heritability for 8 cephalometrics variables and reported that the father--offspring relationship was stronger than the mother--offspring relationship.

Although the inheritance and the heritability of craniofacial features have been well documented, the inheritance of these structures in Colombian families with class III malocclusion has been not reported yet. The phenotypic heterogeneity and the variable expression present in this malocclusion could contribute to the fact that the orthodontic therapy in class III malocclusion has not showed consistent results. Moreover, class III malocclusion is a phenotypic manifestation in several pathologies and syndromes. Some cranyosinostosis and cleft lip/palate show relative prognathism, not only in affected individuals but also in unaffected parents. These are strong reasons to conduct studies to attempt to clarify the inheritance phenotype in this malocclusion.

The aims of this study were 1) to estimate the inheritance of craniofacial parameters from parents to offspring in Colombian families with class III malocclusion, and 2) to evaluate the phenotypic features that contribute to class III in each family.

Subjects and methods
====================

Sample
------

Twenty-five probands with class III malocclusion were identified from the orthodontics clinics at Javeriana University (Bogotá-Colombia). A complete family pedigree for each proband was made and the affected status (class III malocclusion) of other individuals in each family was confirmed by dentist chart, lateral radiographies, facial and dental photographies, and/or dental models. The study protocol was approved by Pontificia Universidad Javeriana ethical committee, and informed consent was obtained from all subjects. Individuals who had syndromes, pathologies or general physical disease were excluded from the study. Subjects who use total prosthesis were excluded, too. The study sample of 25 families comprised 186 orthodontic untreated individuals from 8 to 60 years old (25 probands, 22 parents with class III malocclusion, 28 parents without class III malocclusion, 37 affected siblings, 33 unaffected siblings, and 41 affected relatives). Pedigrees were drawn and analyzed using Cyrillic software (see [Figure 2](#f2-tacg-3-001){ref-type="fig"}).

Cephalometric, dental and facial analysis
-----------------------------------------

Lateral radiographs and facial photographs were taken and analyzed in all probands, their parents, their siblings (with and without class III) and their affected extended relatives. Confirmed negative ANB angles, straight or concave facial profile, and underbite were prerequisites for enrollment of the proband. The linear and angular measurements were made to determine skeletal and facial diagnostic (McNamara, Steiner, Rickets and Legan's cephalograms; see [Figure 1](#f1-tacg-3-001){ref-type="fig"}). Dental diagnostics were performed clinically and from dental study models. The classification of malocclusion in all individuals (affected and unaffected relatives) was made upon radiographies and dental model analysis. Class I malocclusion was determined by ANB value of 2º to 4° and class II by ANB more than 4°.

Method error
============

Fifteen randomly chosen radiographs were retraced by 2 different operators at different intervals. The error method between the replicate tracings was calculated using the interclass correlation coefficient.

Statistical methods
===================

Analysis of variance and odds ratio test for each parameter were performed to estimate inheritance from parents to offspring. The variance analysis and the odds ratio test were used also to analyze the Class III phenotype in each family, but the hypotheses were different. The accepted hypothesis signified that the feature was similar between probands and relatives with class III malocclusion. The rejected hypothesis signified that the measure was different. The analysis included the statistical values for parents and for parents and offspring separated by genders to determine the significance in each group.

Results
=======

Method error
------------

The average of the first reading was 1: 0.0188 (standard deviation = 0.2526; variation coefficient = 1: 13.4); the average of second reading was 2: 0.0027 (standard deviation = 0,3508; variation coefficient = 2: 19.4).

Statistical analysis
--------------------

The results of variance analysis and odds ratio (OR) test were summarized in [Tables 1](#t1-tacg-3-001){ref-type="table"}, [2](#t2-tacg-3-001){ref-type="table"} and [3](#t3-tacg-3-001){ref-type="table"}. The two tested statistical methods showed relevant concordance of results.

Several skeletal, facial and dental measures were imprecise because they showed low frequencies. Therefore, facial asymmetry measure (FA), upper incisive inclination (1SN) (1PP), overjet and posterior cross-bite did not give consistent results in the studied families. The OR test confirmed the results obtained by variance analysis.

The results showed the inheritance by gender. Some differences were found between inheritance from parents to daughters or sons. When the facial features were evaluated the middle and inferior facial heights were transmitted from parents to offspring but the highest values in OR test were obtained for the middle facial height (except from fathers to daughters). In addition the position of upper lip and the labiomental sulcus showed inheritance from mothers to offspring.

The unique dental feature that showed inheritance from parents to offspring was the inclination of upper incisive (incisive-silla/nasion plane). Although the variance analysis was imprecise for this feature the odds ratio test showed inheritance from mothers and fathers to offspring (daughters and sons).

The skeletal measures related with the cranial base, the maxilla and the mandible showed inheritance patterns. In contrast, the maxilla position (A-nasion perpendicular) demonstrated inheritance from mothers to offspring in variance analysis, but the odds ratio test showed a low value for this feature from fathers to daughters (OR = 2). However the maxilla size (condilion-A) showed a higher value from mothers to daughters and sons.

The mandible demonstrated differences related to the gender too. A higher inheritance for size of mandible was observed from parents to offspring except for fathers to daughters (OR = 0.96). In addition the position of the mandible (pogonion/perpendicular) showed inheritance from mothers to sons uniquely. The rotation of the mandible (silla/nasion-mandibular plane) was transmitted from fathers and mothers to daughters, but was not inherited by sons.

The analysis of variance was used to evaluate the phenotypic features that contribute to class III in each family. The probands were compared with their parents, and relatives (siblings, cousins, grandparents, uncles and aunts) in each family. The same features (facial, dental and skeletal) that showed inheritance from parents to offspring demonstrated similar cephalometric values in the relatives with class III malocclusion. However the size and position of the mandible exhibited different cephalometric values in the studied families, confirming the phenotypic heterogeneity present in this malocclusion (see [Table 3](#t3-tacg-3-001){ref-type="table"}).

Discussion
==========

The findings reported in this study confirm that craniofacial morphology is inherited in class III malocclusion, although the phenotype of parents and offspring do not show the same malocclusion. Moreover the skeletal and facial features demonstrated different risk of inheritance according to the gender.

The skeletal features demonstrated more probability of inheritance than dental and facial features. The anterior cranial base showed inheritance from parents to sons. The size and angle of cranial base were inherited features, but the size of anterior cranial base showed the highest probability for heredity from mothers and fathers to sons while the posterior cranial base demonstrated higher inheritance from mothers to daughters. Similar results were reported previously by Johannsdottir et al[@b14-tacg-3-001] The size and angle of cranial base seems to be related with the increase in length and breadth of the mandible in the development of Class III malocclusions.[@b20-tacg-3-001],[@b21-tacg-3-001] Additionally pathologies with relative mandibular prognathism like cleft lip palate seem be associated to short cranial base from unaffected parents to daughters and sons.[@b22-tacg-3-001]

The cephalometrics parameters that evaluated mandible size (CoGn, Ar Go, GoGn) demonstrated inherited patterns from parents to offspring except from fathers to daughters. Additionally the position and rotation of the mandible were also inherited features. These results agree with Saunders et al[@b9-tacg-3-001] who suggested that data from fathers are slightly better than data from mothers in predicting the son's measurement, particularly for mandibular dimensions. Previous reports showed similar results in different malocclusions[@b14-tacg-3-001],[@b15-tacg-3-001] and for class III malocclusion.[@b9-tacg-3-001] Furthermore, these findings showed that sexual dimorphism reported in class III malocclusion produce changes in the mandible size and shape.[@b23-tacg-3-001],[@b24-tacg-3-001]

The middle facial height showed high inheritance values from parents to offspring but it was not transmitted from fathers to daughters. In the same way, Manfredi et al[@b13-tacg-3-001] reported high heritability for total anterior facial height in twins; and Johannsdottir et al[@b14-tacg-3-001] reported high inheritance for total anterior facial height from parents to offspring but not for mothers to daughters. However it is important to note that although these authors did not study class III malocclusion, deviations in middle facial height may be associated with the retrusion of maxilla observed frequently in class III.

The evaluation of the phenotypic features that contribute to class III in each family showed similar measures in facial and skeletal features in relatives with this malocclusion. The facial height (middle and lower), the retrusion of upper lip, the size of cranial base angle, and the retrusion of the maxilla showed a similar phenotype in the group of individuals with class III malocclusion. The phenotype of class III maloclusión seems to be characteristic for each ethnic group. Singh et al[@b25-tacg-3-001] reported that Koreans with class III malocclusion had shorter anterior cranial base and more pronounced midfacial retrognathia compared with White Americans. Besides, some ethnic differences between Chinese and Caucasians with class III malocclusion[@b26-tacg-3-001] and between Japanese and Caucasian females have been reported.[@b27-tacg-3-001] Additionally Watanabe et al[@b28-tacg-3-001] showed high occurrence of mandibular prognathism in Asian families. However ethnic differences between the Latin-American and other groups have not been studied yet.

Considering that the cephalometric measurements have some limitations for studying the morphology of craniofacial structures, it is necessary to investigate the craniofacial morphology through three-dimensional analyses which allows the inheritance of these structures in different malocclusions to be identified.

Conclusions
===========

Skeletal features such as anterior cranial base size, maxilla and mandible size, and maxilla and mandible position demonstrated a higher probability of inheritance than dental and facial features in class III malocclusion. The phenotype showed by the affected members in families with class III malocclusion suggested a sexual dimorphism for this malocclusion. Future studies should be directed to clarifying the relationship between the phenotype and genotype in several ethnic groups with different malocclusions.
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###### 

Analysis of variance: facial, dental and skeletal measures inherited from parents to offspring

  Cephalometric measurement                        Description                From fathers            From mothers
  ------------------------------------------------ -------------------------- ----------------------- -----------------------
  Convexity angle                                  Profile                    **A***χ*^2^ = 2,0571    **R***χ*^2^ = 14,8418
  NANS: nasion (N) to anterior nasal spine (ANS)   Middle facial height       **A***χ*^2^ = 2,0571    **A***χ*^2^ = 0,8055
  RICSUP                                           Ricketts to upper lip      **A***χ*^2^ = 6,1538    **A***χ*^2^ = 3,8808
  LMS                                              Labiomental-sulcus         **R***χ*^2^ = 15,7714   **A***χ*^2^ = 9,9097
  ANSMe: anterior nasal spine (ANS) to menton      Lower facial height        **A***χ*^2^ = 7,3263    **A***χ*^2^ = 7,2018
  IMP: lower incisive to mandibular plane          Lower dental inclination   **R***χ*^2^ = 17,0400   **R***χ*^2^ = 16,1523
  Overbite                                         Overbite                   **R***χ*^2^ = 14,4000   **R***χ*^2^ = 14,4000
  SNAR: silla-nasion-articulare                    Cranial base angle         **A***χ*^2^ = 4,1810    **A***χ*^2^ = 5,1446
  COA: condilion. A                                Maxilla size               **A***χ*^2^ = 9,5000    **A***χ*^2^ = 7,7492
  COGN: condilion to Gnation                       Mandible size              **A***χ*^2^ = 11,5067   **A***χ*^2^ = 10,8500
  A ⊥ N: A perpendicular nasion                    Maxilla position           **R***χ*^2^ = 12,7644   **A***χ*^2^ = 8,3369
  Pg ⊥ N: pogonion perpendicular nasion            Mandible position          **R***χ*^2^ = 22,4095   **A***χ*^2^ = 4,8872
  SNMP: Silla-nasionmandibular plane               Mandible rotation          **A***χ*^2^ = 8,2000    **A***χ*^2^ = 4,7422

Analysis of variance: *P*(*X* ≤ *c*) = 1 − *α* = 95%, *c* = 12,5916 (degrees of freedom = 1°; significance = 5%).

**Notes: A**, accepted hypothesis; **R**, rejected hypothesis.

###### 

Odds ratio: analysis of facial, dental and skeletal measures inherited from parents to offspring

  Cephalometric measurement[a](#tfn3-tacg-3-001){ref-type="table-fn"}   Description               *P*[\*](#tfn4-tacg-3-001){ref-type="table-fn"} from fathers to sons   *p* from mothers to sons   *p* from fathers to daughters   *p* from mothers to daughters
  --------------------------------------------------------------------- ------------------------- --------------------------------------------------------------------- -------------------------- ------------------------------- -------------------------------
  Convexity angle                                                       Profile                   6,00                                                                  0,56                       0,96                            3,11
  NANS                                                                  Middle facial height      16,00                                                                 42,00                      0,16                            12,00
  RICSUP                                                                Ricketts sup lip          4,44                                                                  3,11                       0,44                            0,00
  RICINF                                                                Ricketts inf Lip          0,96                                                                  3,11                       0,96                            3,11
  LMS                                                                   Labiomental-sulcus        2,00                                                                  3,11                       2,00                            3,11
  ANSMe                                                                 Lower facial height       0,96                                                                  0,56                       4,44                            3,11
  I Silla Nasion                                                        Upper incisive position   16,00                                                                 1,11                       5,00                            2,75
  I Palatine Plane                                                      Upper incisive position   12,00                                                                 3,75                       2,00                            0,00
  IMP                                                                   Low incisive position     0,96                                                                  1,11                       2,00                            1,31
  MR                                                                    Molar relation            0,00                                                                  0,00                       0,00                            0,00
  Overjet                                                               Overjet                   0,04                                                                  0,12                       0,00                            0,00
  overbite                                                              Overbite                  0,34                                                                  0,14                       0,44                            0,54
  PCB                                                                   Posterior cross bite      0,00                                                                  0,00                       0,96                            1,11
  ANB                                                                   ANB angle                 0,96                                                                  8,75                       2,00                            8,75
  ARPTM: articulare-pterigopalatine                                     Anterior cranial base     12,00                                                                 22,00                      0,44                            3,11
  PTMN: pterigopalatine-nasion                                          Posterior cranial base    0,16                                                                  1,31                       0,44                            8,75
  SNAR                                                                  Cranial base angle        2,00                                                                  3,11                       0,96                            8,75
  COA                                                                   Maxilla size              0,44                                                                  3,11                       0,44                            3,11
  PSN-ASN                                                               Maxilla size              0,44                                                                  1,31                       0,96                            0,19
  COGN                                                                  Mandible size             2,00                                                                  22,00                      0,44                            8,75
  ARGO: articulare-gonion                                               Mandible size             0,44                                                                  0,56                       2,00                            8,75
  GOGN: gonion-gnation                                                  Mandible size (body)      12,00                                                                 8,75                       0,16                            3,11
  A ⊥ N                                                                 Maxilla position          0,44                                                                  0,19                       2,00                            0,56
  Pg ⊥ N                                                                Mandible position         2,00                                                                  8,75                       0,16                            0,00
  SNMP                                                                  Mandible rotation         0,96                                                                  1,31                       4,44                            8,75

See [Table 1](#t1-tacg-3-001){ref-type="table"} for definitions.

*p* is the proportion of cases with class III malocclusion.

###### 

Variance analysis: family's phenotype

  Variable          Description             First degree relative     Extended relative
  ----------------- ----------------------- ------------------------- -------------------------
  Convexity angle   Profile                 **A***χ*^2^=2,7272        **A***χ*^2^ = 6,2135
  PRTEIN            Middle facial height    **A***χ*^2^ = 2,9641      **A***χ*^2^ = 1,3073
  RICSUP            Ricketts sup lip        **A***χ*^2^ = 6,3243      **A***χ*^2^ = 3,2611
  ML                Labiomental-sulcus      **A***χ*^2^ = 1,5886      **R***χ*^2^ = 15,9498
  ALFAINF           Lower facial height     **A***χ*^2^ = 5,5701      **A***χ*^2^ = 0,8033
  IMP               Low incisive position   **A***χ*^2^ = 9,6120      **A***χ*^2^ = 2,3298
  SNAR              Cranial base angle      **A***χ*^2^ = 3,5315      **A***χ*^2^ = 5,1104
  COA               Maxilla size            ***A****χ*^2^ = 10,7405   ***A****χ*^2^ = 6,3442
  COGN              Mandible size           **R***χ*^2^ = 16,6988     **R***χ*^2^ = 17,5687
  A ⊥ N             Maxilla position        **A***χ*^2^ = 7,7604      **A***χ*^2^ = 5,2659
  Pg ⊥ N            Mandible position       **A***χ*^2^ = 5,5095      ***R****χ*^2^ = 16,6189
  SNMP              Mandible rotation       **A***χ*^2^ = 3,5421      **A***χ*^2^ = 4,2535

**Notes:***c* = 12,5916. **Accepted (A):***x* \< *c.***Rejected ®:***c* \< *x.*
